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f A S DA
? TIE" DEIERMENATION“O“‘ THE CRITICAL LOAD OF ﬁ.:C@"LiIMN OR STIFFENED -
‘ s:ﬁ S PANEL IN COMPRESSION BY THE VIBRATION ME‘I“HOD
| o L o ) E.E. Johnson and B.F. Goldhammer L N e
D . ABSTRACT o A
oo ‘ The - over-all buckling strefigth of an elastu. sttffened panel 'fv.én lokéded' “‘g’ L l
4 in compress ion in a standard hydraulic te.,ting »macmne can be predicted a\,cur- T -
3 _.ately by thé vibration method. 1t ‘has been. observed emorimentally that the : - ‘
= o variation in fundameratal frequency :of a column with 4 high degree of flxity under 7 o
‘ e o applied axial loads follows closely the relationship - : . o
f v . . - i v 1
) f=1 g/l 7 . ;
which makes it possible to predict the critical buckling lcad even‘though fre-- - = :
quencies have been measured at relatively low loads. It has .also ‘been observed j -
that eccentriclties ih a specimen have little effect on the nritwal load as deter- : ;
' mined by observation of frequencies at low lcads and that the Euler lnad for a S ;
| “straight column can be predicted even thougi 31 we specimen available is not per- < L
i ) fectly stizight. ‘However, at loads approaching t the critical Euler load, the natural *~ o
= _ oo i rirec{ueﬁcy of the column with -appreciable fnitial etcentricity does not approach B
t ) zéro. 'This method also can be used to doter;::ine the end restraint offered to the 1
column by the testing ihachme N 7 »9 '3
Iowm i 2
: 7. INTRODUCTION ° T
‘ e ’ " In connection with an ex xperimental study of stiffened plating in B i
| “ . compression, guthorized by the Bureau of Ships, 1 it was decided to investi- =
f& gate the possible use of the wibration technique to predict the eritical ‘
. ’ buckling strength of stiffened plating in compressien. Such a method per- 7
- -mits the determinatlon of the critical column strength without acvually re- o ‘
- quiring the destruction of the model. :
. : Furthermore, in tests of stiffened plating in comprossion, it 1s ke
: . necessary to de,te‘rzixiqe the degree of restraint exerted on the ends of the :
) 7 column by the testing machine. Although this can be done by means of strain PO
i . gfi e gages; the technique is cumpersone; the vibratiqn method was found to be a :;I L
i f simpler and more gatisfactory method. ) i A‘_
”{ i References are Iisted on page 15. i,
, e o
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The \.r.;.-.‘_.:ram.on of elastic bars with axiallv applied loading has been
studiéd theore “ﬁzal’ly,‘2 +3 put little eXpeI'imental work has been done fo con- _' 5
firm the theory;_ and apparently no u»e of the theory has ‘beén made in the de- ‘
: cevmmatlon of” ei‘f‘ectlve length Thoué,h this is but a parﬁ of the experimen-- __,
- . tal program on stiffenea plating, sufficient interest has been indicated in
: . the method to \warrani: its. .dg. seription. Results obtained by‘vus method will It
o be compared with those obtained by other methods in another TMB T'epo:r*t — T
: THEORY OF VIBRATION OF AFIXED-EﬁDED HJMN/ WITH AXTAL Lo T
T~ ; ‘It has béen shown® thit thée Tundamental frequency of vibretion of :
| a pin=ended column.subjected to am axial xod 15 ) L
P . il | | -
i whepe f  1s the fre\,uency, ) , '
Lo~ ~I . ’ 5 . R :
' = ~1:%_ iz the fundamental freqwency at zero loac, ; - R
S TP 1B the end thrust, and~ o L ' i _ B N
' ) P,y 18 -'t"‘h(;- F'u-l«c; ‘m-tical loaa gor the column. E N
The effect of en’i th m.bt on. the fmdament'u requemv of vibration ‘ :
‘ of a fixed- -ended column riay be- b :gi oprox*'natew Jas *"olzows oL T
S At time.t and at a a;sta 166 X, f‘ rom the end, a=ssufne th q;isp}aczem'éﬁt‘ ‘
: of the column during: vibragion te be . S o i i
N . - . .5\\ '27"‘ . T N i
e . =k _sin-‘f:t:("ﬂ- - cos —':‘3) ==
- ' where A is an arbity ,,v constant mg{ggvf" is "he _frequencv -of vibrauo”w : '__;-. o
, : - The total p t tla.L er ‘f gy of L}“.&l‘ Sys»em s . S : R
I o e IR A :
i S Aas*naf t o 824EI - 2P P
é A l A e
i ) The ikinetic energy o;t the. sys*‘em is ’ b i
S (_\»l{‘q B ’ _i o - : ,
P ML QYN g L DB 4202, 260 -
h ) T = T jokdt) dx == ATEReost Lt .
1 B = o - - {
f
where m is the weight per mit length and g i8§ the .acceleration of grav y ‘ i
’ Equating V. max to Tmax giw,, _ o ' ;
5(87#31 N 27’2P) _ Af(}_ ml f-_g) : : B
- 2 18 1 2\2 g - : ;
- i
i
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f SECE M%'Fhe exacd 'o...ution for the fund'lmental frequency of vibration of a IS
. : - "ixed-ended colu.nr :1th no. end- thrust is* I : L
DTS e o ;o224 a/ETE -
::v T e S 20 = 0 _ "l' m A 1
: =2 B "ﬁzhu-s- it-van be ‘Seen that the samé relation holds for a fixed-ended |
L . - column -as f a_oi -ended column, that is, z , 2
? S : ?-_}_’ p=rt Y1 -5 4
_ - o7 Pcr N K __II,?
L2 ' From the foregoing, it is reasonable to assume that the ;undamental E ;
- i .. frequency of vibratlon will vary with end thrust in this manner for any per- <
- cent of " endrz‘lxity Thus it should be¢ possible to appiy twe .or thres com- i 1
: : © -pressive-icads of different magnltudes to'a column, excite the fundamental o
mode of vibrctlon angd measure its frequency, and plot 2 curve of load versus L
: frequency By exteﬂdlng this curve to zero .Load, fo-— or % "}' f'“equenny at zZero W
1o load mav be established “From this and the equation — - %
z - = - - 4
- g — = - f = 1 5 ~ -2z -
; - i Yo 7 S »? i
) 1t should be possible t6 predict the Euler eritical load for the colum. - ‘- '
$ T LoiTam oo . - Thi"s méthod might be of interest where the end fixity of a column - '; ;
| T s unk_no‘ “Sueh is usually the” ¢asé in a column with riveted or welded end . ‘
! a3 ~ " connections. _ 0
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i ’ - ' - = - P
i - - — ’ ;
. - N B _2 oo o S . S - - - ; \
1 P -~ 5
i o _ ‘ i
T R s o e e Ty e S s, st i e e ST i S D e o I e ST N -—




Baldwin-Seuthwark hydrauilic uhiv-ersal.te_s-.tinfgnma@h_i_‘ng with a tapacity of
600,000 1b. Figure 2 shows.thé panel during test with the vibration equip-
ment in place. Figures 3 through 6 show variation of fundamental freq-ue_:-néy
of the stiffened panel with applied aklal load for various medifications of
the $tiffiened panel. ‘ 7
) By the method of le_aa'_st squares, it is possible to use the measured
values of load and freguency to determine the eritical load of the panel.
T - ’ o ° v"r P 1/2 :
f o= p (7 < S
Where fm is the mea sured frﬁ%iéncsy-,

£, 1is the frequency at zero load,

.‘:**’;-—.‘ ;:— = __~ t""i‘:"‘—":—' iR - - s Sl e o e . ,{ — :' -
. 4
B S ) ~
USE OF VIBRATION METHOD IN LABORATORY TESTS OF STIFFENED PANELS . -
o _In tests on The strength of stiffened panels conducted at the David %
Taylob Modél Basin, the vibration method for determining the critical load of :
a stiffened plate was attempted. A five-stiffener pariel, with "T" stiffieners ‘
) welded to the plate, was used in th_e @és-{:s_.- Heavy bearing plates were welded
to thé ends of the paftel. The original panel had an over-=all length of 75 ‘
, iriches. This pahél was Subsequently altered: first by the addition of thin
: strips to the flanges, then by reducing the length in successiveé steps. Thus '
‘ "1t was possible to obtain specimens of different colwin Strengths with only -
“erie model . - _
_ ~ An electromagnetic vibration /g‘gn'e@ajc_or was used in céenjunction with
- “~. an electrorilc power -s-upply to excite and méasure the fund_ameﬁ-t"al mode of vi- .
bration of the panel at various aXial 1oads. #Axial leads were applied by a f

? P, “is the calculated load, and "’
T : Pop is the Eulér critical load.
:r ‘ A
¥
H
: i
T -
¥
§ ,
B T Ty oo U oy UUUUT NP S-S WP 5SS IR s SIS PN U L OV AN UM s e . I T = i




ERPOREN a - PR R R ]
e mn ST e - ey st T - - f 3 B

.
e e S i . e =

P

e o e =

e e
I, s persa 4 ¥ (=

o
N

< ]
Q -
sor) ,
4 . i
IR .m_ _“.
il 52 |
V.u ._‘c
i 25 i
gt _, o= .
. § ‘\.\.
_ ek ,
o : »
[SRL] ' “
| £ R
A i
w dT ]
v. * < o ok
Sy 0 o -t -t
| & v
! 3 [ i
i i Iy ..w
1 = ._
: 0+ :
.. O O :
_ i 0 !
G i
~ 4 & ALY
| RO M
| s ,
] , @ ;
_ a. e »‘
QU R i
) 0 g i
B oS i
i kM : f 3 2 A .P{NPTPﬁIT:W%;WA ,.Hi '
W : m
ﬁ {
O '
3 ﬁ..
_ -
| | -
i1
_"___ " !
.l .
iy
w . - t bl e
ﬂ. o
il
. :
| i s < y o - [
1 -




b
3
o

-
Q o
- = 60
£
LTIl B
b : B 50
g ,
: S
) G 40.
£ s
: 8-
. S 30 F
) D .
! : 20-'F
10
: 0.
} S g
1
H
i
b

oA

3
o

5 i,
i d
'
if.
S£o T
i f
i
i
s
s

Figure 3 - uoad versus Funda
Stiffened Panel 75 Inches

BT

_ ‘Fréquency 'In cog-

amental Freuueney of Vibre

e

2
L

s Long, without Eccentricity and
-with a Cross-Seetional Areacof 6..865 Square Inches

e

Tﬁ

S |

=1

SR

iMoment of iineftl of -Gross. Sactlon 0:4667-inch? |

T~k

B IR e T

N
(o]

]
<

L

. Compressiva Load :in.Kips_

_. S

5 4 S R

. ; 1 : i

40 I‘; I -+ N (‘
® § ¢

i ' 30 - AR o - 3 PSS S

i ) I i 1 i ' - N \ S i
M 0 i - E -\ !
: — . s s i ) | -
. o 20 ; = t—— s : \
: . . -~ il. 2 i = _ - N
. io — : S— Semefe
¥ 5 f ) e y &) i

and with a Cross-Sect

.
Frequency in.cps

; Wigure'u = Load versus Fiundamental Frequency of Vibiaticn ef
Stiffened Panél 75 Inches Long, with Initial Eccentricity
ional Area of 6.865 Square Inches

P
i

e i e Vit ibes B B A v o = S V0 Avos 2 =

Wt i =

[P

[T

v
ot pantas | o

Cewe -

"'_",N‘,V’-f ench -.._.t.,._t e g i




k "“‘-h.-'lr'.'.:'* =3 e — e b T . Y s -

:v“-“}:;;, W T i A N O SRS ;

el T ’ : - :
o = o n N = = ap eemem s N = PN . 3 P X A N
- . *,*«--_?_?:.\ M T _ Moment of Ihertia of Cross:Section 0.7544 nend | - —-%

- e 125 (== : : \”“35;;“' = T s EEETE - “r
= i i - PO | i : EN ' . ! - 1
1 e - 'k ~ R 3 B3 = o 3
. — = — =it e i .
- HRS ' " -

’ o - - v, d \L 1 'I B . - ;
< _IOOH_ - B R 6 = . N E.*«_‘_’ . 3 e
sy g8 " N B e L | I T | . A ) )
P 3 . o E = : = = n e
e £ - I R C: N : \\\ ) A o
B - A R e - o e et ) .l N 4 ) 4
B - e 3 e I e = P b

- 0 il - e ' . - >
‘ S | ' ‘ \\ ‘ S
- - q & N . _ . . _ o o KRR . i
. ) 2 \ ; i j:
l‘“’l -a. 50- . o _ : - B _‘ _ s ;(‘
e € : ' i s =
v o o i ] :
X 'I © . o .',' B § . B . 1 N
- i - 7 b ° ;T, i
' 5 . fe B ’ ‘
e _ — 95 : = DS B : - — - oS
I3 - ST i ; 7 :
’ ) b 4 . o " f

- *, R P R i | ] N SN o {

S T RN R A T A I T Y A R .Y ;

| < 0. 2 4 6 & 10 12 14 16 48 20 22 24 26 28 30 32 34 36 . ;

e = : . Frequencyincps B !

: e Figure .5 - Load versus Fufidamental Fréguency of Vibration of é ¥

! . Stiffened Panel 75 Inches Long,. without Ecceéntricity and % ;

: : - ~ with a Cross-Sectional Area of 7.78 Square Inches . y
» ) . S ‘L ! 3

g . B . h : I " Momant of Inertioof Gross Section ©,7544. tnch” ) : . ' :

i : i \\L\ it . i CE A 1 4 '1 .4: )

o 180. g S e S S ¢ b

N - : ‘ R R | : : b

= . ~ _ T . 1 . M R b

. 180 === . S — ‘ . — ¥

:"f ) i 3 k ) \\' i il 7 T - ‘-

Rt 140 ! s Poge——F Z o '
4w ol L I T N L _
s - S I T A N N N DR e - T 5

1007 = - — -

'

Gompressivé: Load vin Kips

20

Fraaug

oy inces

& . ‘ ) - F . 13 ) N i 3 R
= . ] | ' F & _—i : 8 . )
4 . i a - = P - - . . I . 4.

% 28 32- 36 40 44 48 &2 56 60

J
o S TR " [ - .
L L Taedr e T e T e T S

f

1,

FPigure 6 - Load versus Fundumental Fpequency of Vibration of - ' Y
: Stiffeenad Panel o0 Inches Long, without Eccentricity and
s with a Cross-Sectional Area of 7.18 Square Inches

°
°,

S R . . Vi

% N N
v

3

I ) .

. N 4
. B . .. Er — - . o . - K P T £ e e A LI R R N Q a— B
B ] :
. e = Sl e RO )
A n N T s g g oy e ee—— ] oo )
N = L . R ._ .
3 . ——— et - BTN PR T i
Tl e e R R sl e e T W 2 i ST =
o - - - --——‘;—-lm A p——— N e — £l
= - - e = ez s e e
S R e el




B :._.__j e - = e N ‘____- ” . ~ A O - fA 1 ) S -
[ —— ~ i o - _ ——— K4 "_n}""
: T T e e —
' » B 8 P ST A 2 == - _Ji' o
1 If ‘Z ia to be a m‘mimum, - ) A - o S _
g | BZ. .0, ana & = 0" '
); P R
— _ - ~ - 6(_.92) .
= e fé e e -~ ~
FREgS . P B e : CTo. L - - = COERE
) and ": > = o S i - LI Tommsmm e — ~—-*~ - -g» — e
= ' B - P .
: S -F CX r2\: - 1 '
| ST PRI AL R = S (11 ,
: & ) o i
’ _ - _9_2 2 A2 :r- o -
) o - Z (Pmo P'c‘-I" i 2 fm‘) fm =0 {2} \
[ S - N e T R :
P F‘;xf'em E@&a@tion 11 - - . 2 . :
5P . = nP {Lx) $7¢2 = 157 z
s . D A A O S PR B |
i : . - ° ' !
| : .- , - i
0 " where n is the number of data points used: in the-calculation. - Prom.Equatiton - S
i el o T S ' o y
D 2 2 cr) o4 _ o SRt
2l < Por 2, % ( a PAERE 141
{ . -'0.{ -
ke } ~ (,A = o : . + - Ny ) - ) . ) ) _ :
Lot J'B = x, 2tE=8, 2 gmf; ¢, and Zf“‘ D, and solving for the i
Ll cri’cical 1oad i’c is fcmd to be - .
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o ORIGINAL M@DEL . , _
f A sample calculatien is given fer che medel as originally built.
: The -ggogngtric properties of the original nedel were.'
: Cross-nectjsonal area - 6.865 in.®
, B 'llotal moment of inerf*a of ¢ro s-ecﬂtic}n- - 0.4667 in.* v
- - " gven-all length of model N _'“I"f” = 75 in. j
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» . The measured values of load and the fundamental frequencies of vi-. o f
& - bration determined experimentally are: ‘ ' : &
B . T — S S— - =
-7 ' Load P <~ Frequency f_ :
3 ‘ . pounds e L = -‘-cys T SR - Et -
o i - G — ) g
. i =, 5,000 / 29.2 ‘
i - 15,000 -} 217 I
. 25,000 ) 5.8, - = SO
| 35,000 : 23.9 o )
= U5, 000 21.6 =
. - _ L 55,000 192 = 5
b T 65,000 5.7 .
' " 70,000 .1 ¢
E 75,900 12.1 )
S AT TR smTT TR e e 86,0000 = - 9.2 . i
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? The calculation of P'cr from the above data is now possible. \_ "‘
! v S SR NS N £
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‘ n ' Pulm “n : e
. - 5,000 | 852.64 i,263,200 126,995 5
\ 15,000 | 767.29 11,509,350 588, 734 5
25,000 665., 64 16,647,000 443,077 ’J :
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571 .21
466 .56.
368 64
246.49
198.871
146 4T

| 436633

16,992,350
20,995,200
20,275,200
| 16,021,850
13,926,700
k10,980,759
- 6,777,200
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al ’ if this value of P is used in Euler’“ equation, the effective s
' f ‘the column may be determined: = - ~ I

Since this length Is sJigh*ly'gventew than_one-halfihe over-all length, it _ ’

is evident that the ends of the column were hot ¢ompletely fixed. ;
The data used in the foregoing example ‘were obtained with -shims o . i

undar theé bearing plateées of the model to compensate for initial eccentricity._

" In order_to determing the effett of eccentricity on the natural frequency of -
vibration at varidus loads, eccentrifity was induced in the model’ by removing
somé of' the Shims that had beeri used to Gompensate for .eccentrici ty.

In the following table the fundamental frequency of the panel with
and without eccentricity is given for comparison. _ o ~

i
B = g = n o = e

Load P Frequencv with ‘Eccent ricity Frequency.without Eccentricity
pounds ;E _;ops > R  eps :

S ogm e s amen ~

N

5,000 1 20
15,000 | 27.
25,000+ - 25.

i 35,0000 {- - 25
- 000 -t 2.
L s | L g,
o 65,006" } - 16.

| 70,000 . . 5L o 7 |
; - <75 ,000. f, . 1478 e t}~ - R 121
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It is- noted that af low loads the measured frequencies are very ' .
-nearly the same’ with or without an initial eccentricity“.nHOWeveni_as the. . — — . . ] S

load is 1ncreased above 5 000 b in these tests thée frequency of vibration _ o
of the panel with initial eccentrlclty becomes increasingly higher than that. : B

= -

i -+ of the panel without initiar'eccentnicity SR Ce e e v?¢<~¢:a~—fliw:¢¥

In §pite of the difficulty mentioned above, it is DOSsible to esti- )
maté the critical léad of a column with initial eccentricity if only the fre- . *
-quencies at low loaﬂs are used in the determination ' For instance, it can be
i " seén that the last three points in the prec oing table differ for the model
: with and withour ecce.tricity Therefoné;‘these valués wlill be excluded from -
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: by the calculation of P . - . N
' o If the procedure outllned An the-sample calcuiation is used with e
? the data fér the eccentric panel, a value of P ~of 93,900 1b is found. sTnls Z ;
¥y —value«differs from that found from dats obtained for the panel without eccen— ==
- t;i01ty by only about b percent i : f
. FIRST ALPERATION - e ; o
= o i !
I % " The first alteration to the model was ‘made by welding -thin st rips § T
[ v i :
) of stéel to the flanges of the stiffeners of the panel. This aooitionai ma= f ]
1 = ferial increased the crecss<sectional arez to 7.18 in.2 and thé moment of iner- i _
- tia of the section to 0.7544 tn.*. The length remained 75 in.. | L
‘ The loads and fundamental Irequencles det ermined experimen ally for i i
‘; the altered medel were: : ' 1T
! o e e ——— e St e e e = ; H
| : e _~fu?3d_Pr Prequénéy £ F
| ; pounds. eps - i "
g N _ == = 7 = ”'- = H '
~ 5,000 : 35.0 !
f 35.,000 ! 31.2 3
I K - \
: 65,000 26 > |
? 95.,.000: 20.5 ° . - B
k 100,000 19.2 _ }
5 _ 105,000 | 79 :
- St 104000 . W0.2 ser T R 7 3
£ ) 115,800 BN - 3
oo TUwsl T _120,000- ey aEmTs LI I -
LF - TS T Tizsiepe 1.3 : - 4
. k-
| : EPU .. S o
i . Proceedlng as before, .2 value of P of 138,400 1b is obtained. , _§
P i From Eulér's equation. the effective length iszfound|te be 40,7 in. whieﬁ - Q
; indicates, a& would us’ cxpected, bthat thére is less end réstpaint than for: g
%  the dnore Lhexible model. B SN T T L - i_
o SFCOMD ALTERATION- e ~ e e nan >
. ‘The seconﬁ el‘ ration to the model ¢ onsi ted of réducing the length ?
g to 60 in. while retalning the same ¢ross-sectional area. o ’ Do
$ The loads and fundamental frequencies of vibration. detérmined ex- B e
L perlmentally for the second alteration were: ? B
;‘é‘- T - o ?\t
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T 5,000 O 4. o - i
. 25,600 o T | !
T | T w00 y T e -
: ‘ 65,000 | 43 _ ?
- L 85,0000 _ 1} L : ) ‘;
| - S 105,060 - L 368 - _ ;
| - . 10,000} 3.8 T i
LT . L oms000 . b . 35 T :
‘ | e 120,000 | 34 )
i o : 125,000 2 : 5 : !
1, f' S 136,000 32 0 L :
|E~ | 135,000 - 303 .
|- 140,000 - - 29.2 4
i - -
1% E " = Proceeding as befone, a calculated value of P _of. 207 700-1b is ) i ‘
! L. . found. This gives an effective lehgth of 32. 8 im. I ST T
o Y. - . In tb determination of the elfectlve leneth it is necessary to ) o -
: “calculate & moment of inertia for tne stiffened panel. In the fopegoin5,anal~ =
1 ysis.allﬁthe.cross section was assuiied fully effective in calculating the mo= :
% ment of inertia This asSumptioh Was arrived at on the basis of indepenuent - f
% . tests to determitie the effective length and eritical load. . . E
: Pairs of SR-Y4 stbain gages were applie@ to the Stlffener flange and — }
? to the plat 1ng under theé stiffener at nuMerous $tations aleng the 1engtb of
! % thé model as originally construeted. From the difference in strain readings !
% é ' of the two gages at each station and ‘the stiifener depth, the curvature is ¥
! h - ‘_gptained By plotting the m measured curva; ure against the length oi the model, §
z points of zero curvatube are obtained; the distance between these points is = !
- { the effective length, ‘This meLnod of determin*ng effeCuive lengt is dis- -~ %,
§ eusSed.inJReferenee 5. Gages were applied on three of the five stlffeners i B
f . and the differenées in strain readings were averaged at. each elevation on thée - - - éAi—
L model. This average dlfference in strain readlngs Whigﬁvié_pxopuxu~Dﬁ:i“%O "3‘.~~ ? ;‘ .
A curvature, is plotted against length of the model in Figure 1. From this plot : . L"“
- i an effective length of 38.4 in. is indicated, compared with 39.3 ln. -as deter- i ;Nl:
’ mined by the vibration method. It should be pointed out, hewever, that the s E ’
- f results from the strain gage method are affected by local qulariules in ) ;_ G
g the initial shape of %the model. In oroer to peduce these éffects to a mini- %
; mum, a Small initial eccentricity was Induced in the medel by shimming the i
“7 - N é
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ends, and the eurvature determination wWas made over a
loading near the critical load of the stiffened panel where over- -all bending
of the panel was & maximum. Some effects of local irregularit e8 are never-
theless evident in bigure (, and the true effeccive length is probably more
accurately given by the vibration method. i

After the_ effeotive lengtn was determined, nhe #iodel was shimmed to
provide‘i minimumn of eccemtricity and was loaded in compression to a maximum
of 87,000 1b. This compares with a cal"uiaced Euler load P of~ 89,400 1b for
an effective length of 39.3 in. and 2 Toad of 93,600 1b
length of '38.4 in.

As 1
accurateé means for ebraining effective leﬁgth ahd was employed in conjunction
with further tests of thé panel model.

“ation in end fixity d@s the column stiffne3a~is inereased.
variation for three different st*”fnesses of the modei
the variation in the ratio of 172 %o l

is obvious that this ratio must approach unity at an infinite slenderness

for an effective

ndicateu wbove,_the viﬁrafion method Was believed to ke the more
It is of intérest to observe the vari-
Figure 8 shows this
This figure shows.
for the range-observed. However, it

T’a'tfi.o. By using Figure d it should be possibie to estimate with good aeeur-
o nsdels tested.

iated ‘be'yond the 1/p range ‘teS‘c‘ed’ by continuig

RS- 9

acy the effective length & column With ends -similar to-ther
_The, curve has been extrap

the curve as a smrawgh ll*e

B /o0 - .
to approach-a value of l{b cffz\gt large values of l/p.
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R . Soie consideration might be given & at ‘ghié polint to the possible e ‘
C ayplications of this vibration method of obc ining oritical load ror camnreé- ‘_ : é
- i ’ sion membors to tes!,s xoutside of" thev 'narerials laboratory ST e e
o . _ - USE OF THE VIBRATION METHOD IN FIELD TESTS — - N ]
; I U W stnucmr ] 1g‘“_ théond fixity of a welded or riveted uolumn .
§ 18 not known to any degre‘, of accuracy. Frequently an ef 5 of
5 percent of the over=all length is used 1in the design of a colunm with
rJ.veted end cor PCtionb.r A series of exne.riments on compreas’ien nmu"‘
y building construction, bmdges and Shlpb fo determine the effecti o 7 ’
§ for various tvpes of end cormections might bc of Interest te the desdign eng; ' .;_: )
. - mneer, This -typve of investigatlion cou. 1d be. conducteu with a, minimui of experi- ,
- * mem:al't‘iinre and -cost, by using the vib:a..fi o3+ method which has been outlined. “
: It would be rnecessary that these experiments be cc xducted during a,he ‘construc-~ :
: tion of the structure in order that. é.Esomte valz_es of load could be deter- ‘§
. mined. o ’ |
. P
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Before tae comprexsion member was put in place, it Arould be neces-
sary. to éstablish a SeP;GS\Of gage points qh various pcsitions on the member.
The. distance between these gage points Would be measured with a Whittemore
strain gage or similar mecnanical gage before erection of the column.- This -
‘would give a zero- -ioad reférence. During construé¢tion it would be possible

'1»0 read tne strain gages and measure the natural fvequenCJ of vibration at

" yarious stages 30 that & oeri _of values or load versus frequengy of vibra-

tion ¢ould be'established From these data it would be possible to determine

the critica gl 1oad for the’ column in the manner previously discussed. This

would permic the accuﬁate determination of the effective length- of the mémber.
Ubviousiy, the determination of Buleris critical load is of inter-

j«fegfléﬁlg;fbf & cOolumt desigﬁed to work in bhe c;astic fange, thau is, ore

that will fail by buckling oelow the elastic 1im1t rathex than by yieldir

. as a result of the direcf stress. - If the slenderness ratis of the column is
sufficiently small, ~he Euler ¢eritieal strose wiil be higher than the yileld
point and the ¢olumn will ;ail vinen the d;recm stress exceeds the yileld stress
of thetmateriala .

co}icwsa'_«ons. ,

vmacﬁine'can be used to predict the Bul.er buckling Toad_ of an elast: ic compres-
sion member with good accuracy.
- Z. The vibratien method of determining the effective length of a
column is‘ﬁaster,gnddmorefecanomtcal than other methods and gives at. least as.

good accuracy- , ’ N
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